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(57) ABSTRACT

An apparatus and a method for charging and for charge moni-
toring of a rechargeable battery. A charging circuit contains a
rechargeable battery (B) and a charging device (L) for charg-
ing the rechargeable battery. A measurement device (M) 1s
arranged 1n the charging circuit and contains a device for
determining the rechargeable-battery current and the state of
charge of the rechargeable battery. A control device (R) com-
pares a value that 1s proportional to the rechargeable-battery
current with a set value, and controls the charging device.
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DEVICE AND METHOD FOR CHARGING
AND CONTROLLING THE CHARGE OF A
BATTERY

RELATED APPLICATIONS

This 1s a U.S. national stage of application No. PCT/
EP2005/011773, filed on Nov. 3, 2005.

This patent application claims the priority of German
patent application no. 10 2004 057 239.9 filed Nov. 26, 2004,
the disclosure content of which 1s hereby incorporated by
reference.

FIELD OF THE INVENTION

The 1invention relates to an apparatus for charging and for
charge monitoring of a rechargeable battery. The invention
also relates to a corresponding method.

BACKGROUND OF THE INVENTION

In every new generation, the further development of por-
table appliances 1s distinguished by new functionalities being
provided. Every new functionality in this case potentially
contributes to an increase 1n the power consumption. For the
user of these appliances, it 1s becoming increasingly more
important to be informed about the remaining time for which
they can be used, that 1s to say the remaining battery or
rechargeable-battery capacity. In particular, nickel-cadmium
and nickel-metal-hydride rechargeable batteries (N1Cd and
NiMH rechargeable batteries) are increasingly being
replaced by rechargeable batteries which are based on lithium
(L1), because these have an excellent energy density per unit
volume.

The battery voltage or rechargeable-battery voltage can be
measured easily and at low cost as a measure of the state of
charge, but does not comply with stringent requirements for
the desired accuracy. For example, the rechargeable-battery
voltage decreases continuously during discharging, but the
relationship between the voltage level and the remaining
charge varies highly non-linearly with the temperature and
the discharge rate. Depending on the type of rechargeable
battery, a voltage measurement as a measure of the state of
charge of the rechargeable battery can lead to a measurement
error of 100%, or considerably more than this. This can
admuittedly be corrected well 11 the temperature and the dis-
charge rate are known.

However, the measurement of these additional parameters
makes the process more complicated and expensive than a
charge measurement.

A charge measurement which can be carried out by means
of a current measurement and a time measurement 1s there-
fore more accurate, because current 1s defined as the change
in the charge per unit time. In order to allow a very accurate
estimate of the remaining battery capacity to be made, there 1s
a developing trend towards charge meters (fuel gauges) which
track the net current flow into and out of the battery or
rechargeable battery.

A charge meter such as this comprises an integrated circuit
(IC) with a computation unit and additional external compo-
nents for evaluating the current measurement and for deter-
mimng the state of charge. A further integrated circuit with
external circuitry is, on the other hand, required for charging
of the rechargeable battery, by means of which the charging
process can be controlled such that it takes place quickly and
without any damage to the rechargeable battery.
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The publication “DS2770 Battery Monitor and Charge
Controller” from Dallas Semiconductor proposes an 1inte-
grated circuit with external circuitry that combines the func-
tions both of charging and of detection of the state of charge.
In particular, this saves valuable space on a circuit board.

The IC can be used to set two rechargeable-battery types
(Iithium or N1iMH) with different charging characteristics. A
defined charging program 1s carried out for the respective
rechargeable-battery type depending on 1ts threshold voltage
being reached for undervoltage at the output connections of
the rechargeable battery.

The charging process itselt 1s carried out with the aid of two
constant-current sources, which the IC drives as a function of
a voltage criterion. If the rechargeable-battery voltage 1is
below the threshold voltage, that 1s to say the rechargeable
battery has been deep-discharged, a first external transistor
with a current-limiting resistor produces a low constant
charging current until the threshold voltage 1s reached. Dur-
ing anormal charging process, when the rechargeable-battery
voltage reaches or 1s higher than the threshold voltage, a
comparatively high constant current 1s fed into the recharge-
able battery, by means of a second external transistor. The IC
switches between the first and the second transistor, and thus
between the low and high charging current, as required.
Depending on the rechargeable-battery type, the charging
process 1s ended when a time criterion or a temperature cri-
terion 1s reached.

The second function of the circuit, that 1s to say measure-
ment of the rechargeable-battery current and 1ts direction, 1s
carried out by means of the voltage drop across a measure-
ment resistor (shunt) in the ground-side branch of the charg-
ing circuit. The current direction into or out of the recharge-
able battery 1s established by a subtraction unit, which
establishes the mathematical sign and the magnmitude of the
current tlow. The values are digitized, and registers are used to
store the instantaneous current flow and the current accumu-
lated over time.

The two functions of the IC are provided separately. In
particular, the rechargeable battery i1s charged simply by
switching the external constant-current sources on and off. If
this IC 1s operated with a charging source with a low 1imped-
ance, external current limiting 1s required, by means of addi-
tional, and therefore space-consuming, components.

SUMMARY OF THE INVENTION

One object of the invention 1s to provide an apparatus for
detecting a state of charge and for charging a rechargeable
battery, as well as a method for operating the apparatus, which
results 1n an improved performance and simplified design of
the apparatus.

The invention 1s based on the 1dea of linking the recharge-
able-battery current measurement with the two functions of
charge measurement and charging of the rechargeable bat-
tery. This 1s achieved by controlling the charging of the
rechargeable battery. The measured rechargeable-battery cur-
rent 1s compared with a reference current, for this purpose. IT
there 1s a current difference, the control loop 1s appropniately
adjusted, and the charging current 1s readjusted until the dii-
ference current disappears.

The invention has the advantage that the apparatus allows
accurate estimation of the remaining rechargeable-battery
capacity with little complexity, while at the same time pro-
viding a charging device by means of which a rechargeable
battery can be charged etlectively and in an optimized form.
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The invention has the additional advantage that the control
system allows a shorter charging time than known charging
devices.

A further advantage of the invention 1s that the apparatus
can be connected to different charging sources without any
need for additional cost-driving measures for current limit-
ng.

The mvention has the particular advantage that only one
charging transistor 1s required, thus saving costs and space.
The charging transistor 1s regulated by means of the control
loop such that 1t produces different charging currents depend-
ing on the desired and intended control characteristic.

The transistor 1s advantageously provided mternally, that1s
to say on the chip with the integrated circuit. However, 1t can
just as well be provided 1n the form of an external transistor,
if this appears to be expedient under particular conditions.

In particular, the apparatus according to the invention
allows lithtum-based rechargeable batteries to be charged
particularly optimally.

One aspect of the invention 1s directed to an apparatus for
charging and for charge monitoring of a rechargeable battery,
comprising a charging circuit which includes a rechargeable
battery and a charging device for charging the rechargeable
battery, and a measurement device. The measurement device
includes a device for determiming the rechargeable-battery
current and the state of charge of the rechargeable battery. A
control device compares a value that 1s proportional to the
rechargeable-battery current with a set value, and controls the
charging device.

In one advantageous embodiment, the measurement device
contains a signal detection device with a measured-value
detection device and a signal converter. In particular, the
measured-value detection device contains a measurement
resistor (shunt) through which the rechargeable-battery cur-
rent flows. The signal converter 1s connected downstream on
the output side. The voltage drop across the measurement
resistor 1s a signal proportional to the rechargeable-battery
current. This rechargeable-battery current, which 1s propor-
tional to the voltage drop, 1s then converted by the signal
converter, and 1s produced at the output of the signal detection
device.

The signal converter particularly preferably converts the
analog measured voltage drop to a digital signal value. Digital
signals can be processed more easily than analog signals.
Considerable advantages result 1n the case of an implemen-
tation on a chip, with regard to the space requirement for the
digital signal processing, as well.

A voltage/frequency conversion 1s preferably used as the
converter principle for the analog/digital converter (ADC), 1n
which the analog voltage signal 1s converted to a frequency
signal. However, other principles can also be used for the
ADC, for example sigma-delta conversion.

The signal converter with voltage/frequency conversion
continuously monitors the analog voltage drop across the
measurement resistor. The signal converter produces a digital
output signal which, in the case of the voltage/frequency
converter, 1s a pulse train with frequency that 1s directly
proportional to a voltage value. Two pulse trains are advan-
tageously provided, which represent a directly proportional
measure of the voltage drop across the measurement resistor
and are dependent on the current direction of the recharge-
able-battery current. Depending on the current direction, the
pulse trains result in upward counting or downward counting,
in downstream measurement device counters or registers.

The evaluation device for the measurement device contains
two counters, specifically a counter for detection of the state
of charge, whose count 1s a measure of the state of charge of
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the rechargeable battery, and a current counter, which corre-
sponds to the instantaneous value of the rechargeable-battery
current. If the rechargeable battery 1s being charged and cur-
rent 1s flowing into the rechargeable battery, each counter
counts upward, and the count 1s incremented. Conversely,
cach counter counts downward when current 1s being drawn
from the rechargeable battery, and the remaining charge
capacity 1s decreasing.

The counts are evaluated by a measurement device com-
putation unit, with the state of charge on the one hand and the
instantaneous rechargeable-battery current on the other hand
being calculated. If the value of the measurement resistor and
the gain of the signal converter are known, the instanta-
neously flowing current 1s obtained on the one hand with the
aid of the value of the charge counter for the accumulated or
integrated current and on the other hand with the aid of the
value of the mstantaneous current counter. Charge values can
be calculated from the current values by means of a timebase,
for example a timer.

-

The total charge which has flowed into and out of the
rechargeable battery can be calculated by an association or
link between the accumulated current and the accumulation
time. The amount of charge stored 1n the rechargeable battery
and the remaining capacity of the rechargeable battery can be
estimated using these values.

It 1s intended for the value of the state of charge counter
(accumulating counter) to be produced at a connection. This
allows the state of charge of the rechargeable battery to alter-
natively be processed turther outside the apparatus, and for an
indication to be provided to the user as to how much remain-
ing rechargeable-battery capacity 1s still available to him.

The value of the instantaneous current can likewise be
obtained using the current counter and time 1information. For
this purpose, a measurement period 1s defined which 1s sudfi-
ciently short to satisiy the predetermined measurement accu-
racy. The counter 1s 1n each case mtegrated during successive
measurement periods, and its value 1s emitted at the end of the
present period. This value corresponds to a current mean
value during the measurement period, and 1s governed by the
gain of the signal converter and the value of the measurement
resistor. The time counter and the current counter are then
reset, and the measurement starts again.

The instantaneous current value 1n each case emitted at the
end of the present measurement period 1s emitted to the con-
trol device, and forms 1ts actual value (first input value). This
actual value 1s compared 1n a comparison device (subtractor)
with a reference value (second input value). The difference
signal from the comparison device 1s preprocessed in a down-
stream regulator unit to form a control value for the charging
device. The regulator or the regulator unit may be designed
and/or programmed 1n order to produce different control
characteristics. The chosen control characteristic then gov-
erns which signal drives the charging device.

Both the traditional regulator response such as a digital PI
or PID response as well as non-linear control processes or
those specific regulator characteristics which are optimized
for digital signal processing, for example real-time processes,
may be used for the control characteristic. The aim, for
example, may be time-optimized charging of the recharge-
able battery. In addition, a different regulator response can be
provided for a rechargeable battery that has been deep-dis-
charged, to that for a normal standard charging process after
a charge output or that which is 1n turn used to maintain the
charge 1n a rechargeable battery that has been charged. In
principle, different regulator programs can also be provided,
which may be selected or else self-programmed.
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The output signal from the regulator, the control manipu-
lated vaniable, 1s preferably converted to an analog signal,
once again with the aid of a control signal converter, 1n par-
ticular a digital/analog converter. The analog control signal 1s
supplied to the charging device, and controls 1t on the 1nput
side. The charging device advantageously comprises a charg-
ing transistor, whose output circuit feeds the charging current
into the rechargeable battery. If, as 1s preferred, the charging
transistor 1s a p-channel MOS transistor, then the regulator
signal controls the gate input, and the rechargeable battery 1s
connected to the drain. The source of the transistor is con-
nected to the charging source, for example a power supply
unit of adequate power. A charging resistor (pull-up resistor)
can be connected between the source and gate and defines the
gate potential with respect to the source potential. A pnp
transistor may, of course, also be used as a charging transistor,
instead of the MOS transistor.

The closed control loop comprises the rechargeable bat-
tery, the measurement device with the evaluation device and
the control device, which then controls the charging device
tor the rechargeable battery. In the steady state, the charging
current flowing into the rechargeable battery corresponds to
the reference value of the charging current. This means that
the current calculated by the evaluation device 1s used as
controlled vaniable.

It 1s particularly advantageous for the device for charging
the rechargeable battery and for detecting the state of charge
ol the rechargeable battery to be 1n the form of an integrated
circuit arrangement, to which the rechargeable battery just
has to be connected. This allows the entire peripheral appa-
ratus to be 1n the form of a single component.

If, on the other hand, this 1s expedient, the measurement
resistor and/or the charging device or parts of 1t need not also
be integrated, and may be connected to the circuit as separate
clements. This results in optimum matching to the type of
rechargeable battery to be charged. It 1s also possible to
design the apparatus to be completely integrated and, 1n addi-
tion to the connections for the rechargeable battery, to provide
turther connections to which an external measurement device
and/or charging device can be connected. The respective
internal measurement and charging device can then be dis-
connected on connection of an external device.

Another aspect of the invention 1s directed to a method for
charging and for charge monitoring of a rechargeable battery:

a measurement signal for the rechargeable-battery current

1s detected,

a digital measurement signal 1s produced from the mea-

surement signal,

the digital measurement signal 1s processed in order to

form a first current value for determining the state of
charge of the rechargeable battery,

the digital measurement signal 1s processed in order to

form a second current value,

the second current value 1s compared with a reference

value, and a difference result 1s determined,

a control manipulated variable 1s produced from the ditter-

ence result, and

a charging device for the rechargeable battery 1s controlled

with the aid of the control manipulated variable.

This method has the advantage that 1t can be carried out
using the apparatus as described 1nitially. The method and the
apparatus in this case have the advantage that they use feed-
back for optimally charging the rechargeable battery.

A Tfurther refinement of the method provides for the mea-
surement device to detect the rechargeable-battery current as
the voltage drop across a measurement resistor, which 1s
located 1n the current path of the rechargeable-battery, and for
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the value of this voltage drop to be converted proportionally
to a digital signal, preferably to a pulse train at a frequency
proportional to the voltage.

A further refinement of the method provides for the direc-
tion of the voltage drop across the measurement resistor to
define the mathematical sign of the pulse train, and for one
pulse train to be produced 1n each case for a negative or a
positive voltage drop. This means that the current flow
through the rechargeable battery can be distinguished as to
whether the rechargeable battery 1s being charged or dis-
charged. A positive voltage drop indicates a charging process,
and a negative voltage drop indicates a discharging process.
The net current tlow can be determined by subtraction.

A further refinement of the method provides for an evalu-
ation device to contain an instantaneous current counter, in
which the pulse train 1s added periodically recurrently to form
a value, and for this value to be stored 1n a first memory at the
end of a period, and for the value then to be reset. The current
which 1s actually flowing through the rechargeable battery 1s
thus determined.

A Turther refinement of the method provides for the evalu-
ation device to contain a state of charge counter, which deter-
mines the state of charge of the rechargeable battery, 1n which
the pulse trains for negative or positive current flow for dis-
charging or charging the rechargeable battery are added con-
tinuously to form a value, with this value being stored 1n a
second memory. The gain of the measurement device and the
value of the measurement resistor also have to be included n
order to precisely determine the current flow through the
rechargeable battery. The stored value for the current multi-
plied by the monitoring time 1ndicates the integrated charge.
This allows the state of charge of the rechargeable battery to
be dertved easily and at low cost, and the remaining recharge-
able-battery charge to be determined. There 1s no need for any
additional circuit measures.

A further refinement of the method provides for the value

of the mstantaneous current counter to be compared with a
reference value, with a comparison result being determined
from this. A control manipulated variable 1s dertved from this
comparison, representing the feedback information for the
control system, and controlling the charging device.
The charging current available to the rechargeable battery
1s thus controlled by means of the method steps mentioned
above. When the control system 1s in the steady state, the
charging current corresponds to the reference value.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be explained 1n more detail in the fol-
lowing text with reference to exemplary embodiments and
associated figures. The figures are intended solely for 1llus-
tration of the invention, and are therefore only schematic, and
are not to scale. Identical elements or elements having the
same effect are provided with the same reference symbols. In
the figures:

FIG. 1 shows a block diagram of the apparatus according to
the mvention for charging and for charge monitoring of a
rechargeable battery,

FIG. 2 shows one specific exemplary embodiment of the
apparatus shown in FIG. 1, and

FIG. 3 shows a further specific exemplary embodiment of
the apparatus shown in FIG. 1.

DETAILED DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a block circuit diagram of an apparatus for
charging and for charge monitoring of a rechargeable battery
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according to the invention. A rechargeable battery B has an
output connection VB, at which the rechargeable-battery
voltage 1s produced and to which a charging device L 1s
connected. The charging device 1s connected to a charging
source, for example a DC voltage power supply unit, via a
connection VC. A measurement device M which measures
and evaluates the current through the rechargeable battery 1s
connected to the charging circuit, which comprises the
rechargeable battery B and the charging device L.

The output signal from the measurement device 1s an
instantaneous current value, which 1s coupled to a control
device R. The instantaneous current value 1s compared 1n the
control device with a set value at the connection IS. The
control device uses the difference signal 1n the comparison
process to produce a control manmipulated variable, which
controls the charging device L and closes the control loop.

The measurement device 1s able to also determine an accu-
mulated current value and to use this to derive and to display
a reading relating to the remaining rechargeable-battery
capacity and/or the remaining time for which the recharge-
able-battery can be used.

FIG. 2 shows a specific exemplary embodiment 1n which,
except for the rechargeable battery, all of the elements of the
apparatus are integrated in an 1tegrated circuit (I1C).

The rechargeable-battery current flows through a mea-
sured-value detection device MW with a measurement resis-
tor which 1s connected 1n series with the rechargeable battery
B. The voltage drop produced across the measurement resis-
tor 1s detected at the ends of the measurement resistor, and 1s
converted by a signal converter SW to a digital signal. The
signal converter 1s also able to detect the direction of the
current 1into or out of the rechargeable battery. This can be
done by comparison, for example subtraction of the measured
signal from a reference signal, with the mathematical sign of
the comparison result indicating the direction of current flow.
Digital signals 1 and 2 which correspond to the magnitude
and direction of the current are emitted at the output of the
signal detection device, which contains MW and SW, and are
supplied to the evaluation device AE. The measured-value
detection device MW, the signal converter SW and the evalu-
ation device AFE are elements of the measurement device M.

The signal converter SW 1s in the form of a voltage/Ire-
quency converter, and produces pulse trains with frequency
that 1s directly proportional to the magnitude of the voltage
drop across the measurement resistor. A downward pulse
train characterizes a negative current flow, and an upward
pulse train characterizes a positive current flow, 1n each case
with respect to the current direction through the measurement
resistor.

The evaluation device AE contains an accumulating
counter ZA and an instantaneous current counter ZM, which
are each counted upward or downward by the applicable
pulse train. This means that a positive voltage drop across the
measurement resistor leads to an increase in the istantaneous
current counter ZM and the accumulating state of charge
counter ZA. This corresponds to a charging process. In con-
sequence, a negative voltage drop leads to a reduction 1n the
instantaneous current counter ZM and 1n the state of charge
counter ZA. This corresponds to a discharging process.

The counters ZM and ZA are clocked by a timebase TB in
order to make 1t possible to calculate the mstantaneous cur-
rent and the current integrated over time, that 1s to say the
charging of the rechargeable battery, from the counts. The
calculation can be carried out 1n the evaluation device AFE, for
example by means of a computation unit that 1s not 1llustrated.
The remaining capacity 1s obtained from the value for the
current integrated over time. The nstantaneous current and
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the state of charge of the rechargeable battery are stored in
evaluation device memories, and can be displayed by means
of a display apparatus, which is not 1llustrated.

The output of the instantaneous current counter or memory
leads to a comparison device V for the control device R. A
reference value, which 1s applied to the connection IS, 1s
applied to the other mnput of the comparator V. The compari-
son device V digitally compares the value of the instanta-
neous current counter and the reference value. A difference
signal 1s determined as the comparison result at the output of
the comparator, and 1s supplied to a regulating unit RE which,
on the basis of its control characteristic, produces a control
mampulation signal, which 1s converted by a control signal
converter DAC, for example a digital/analog converter, to an
analog signal, and controls the charging device.

The charging device L contains a MOS transistor TL of the
p-channel type, with 1ts source and gate being connected via
a charging resistor RL. The resistor RL 1s used to set a bias
voltage between the source and gate of the transistor TL. The
control signal from the control device R 1s applied to the gate.
The source of the transistor TL 1s connected to the terminal
VC for connection of the charging source, and its drain 1s
connected to the positive voltage connection of the recharge-
able battery B.

FIG. 3 shows an apparatus according to the mvention
which differs from FIG. 2 as follows.

The charging device contains a bipolar pnp transistor TL1
instead of the MOS transistor, and 1s 1n the form of an external
charging device. The resistor RL1 1s therefore also external,
although 1t could also be integrated in the IC. The resistor RLL1
1s used to set a bias voltage between the base and emitter of the
transistor TL1.

The measured-value detection device MW1 1s connected
externally to the IC and 1s connected 1n series with the positive
connection of the rechargeable battery, between the charging
device and the rechargeable battery.

As 15 1llustrated explicitly, the signal converter SW1 con-
tains a comparator V2 which 1s used to determine the current,
in particular including its direction as well, and an analog/
digital converter ADC, which converts the analog measure-
ment signal to a digital signal, for example by voltage-to-
frequency conversion.

The signal converter SW1, the evaluation device AE with
the counters ZM, ZA and the timebase TB as well as the
control device R are integrated 1n an IC.

The scope of protection of the invention 1s not limited to the
examples given heremnabove. The invention 1s embodied 1n
cach novel characteristic and each combination of character-
istics, which includes every combination of any features
which are stated in the claims, even 1 this feature or combi-
nation of features 1s not explicitly stated 1n the examples.

The mvention claimed 1s:
1. An apparatus for charging and for charge monitoring of
a rechargeable battery, comprising:

a charging circuit which includes the rechargeable battery
and a charging device for charging the rechargeable
battery, and a measurement device, wherein the mea-
surement device includes a device for determining the
rechargeable-battery current and the state of charge of
the rechargeable battery; and

a control device which compares a value that 1s propor-
tional to the rechargeable-battery current with a set
value, and controls the charging device by adjusting the
rechargeable-battery current until a difference between
the value that 1s proportional to the rechargeable-battery
current and the set value disappears,
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wherein the control device contains a regulator unit and a

control signal converter connected to 1t,

wherein the control signal converter contains a digital-to-

analog converter, and

wherein the digital-to-analog converter provides an analog

control signal to control the charging device.
2. The apparatus as claimed 1n claim 1, wheremn the
rechargeable battery 1s based on lithium.
3. The apparatus as claimed in claim 1, wherein the mea-
surement device contains a measured-value detection device
and a downstream signal converter.
4. The apparatus as claimed 1n claim 3, wherein the signal
converter contains a means for conversion of a voltage drop to
a digital signal.
5. The apparatus as claimed 1n claim 4, wherein the means
for conversion of the voltage drop to a digital signal contains
a voltage/Irequency converter or a sigma-delta converter.
6. The apparatus as claimed in claim 3, wherein the device
for determining the rechargeable-battery current contains an
evaluation device whose 1mnput side 1s connected to the signal
converter.
7. The apparatus as claimed in claim 6, wherein the evalu-
ation device contains:
an accumulating counter, having a value that corresponds
to the state of charge of the rechargeable battery, and

an instantaneous current counter, having a value that 1s
proportional to the instantaneous value of the recharge-
able-battery current.

8. The apparatus as claimed 1n claim 1, in which the state of
charge of the rechargeable battery 1s determined by means of
the accumulating counter and a timebase.

9. The apparatus as claimed 1n claim 1, wherein the value of
the instantaneous current counter and a reference value are
applied to the mput side of a comparator for the control
device.

10. The apparatus as claimed 1n claim 1, wherein the charg-
ing device contains a transistor.

11. The apparatus as claimed in claim 10, 1n which the
transistor 1s connected as an external component to an inte-
grated circuit arrangement.

12. The apparatus as claimed 1n claim 1, wherein the charg-
ing device contains a resistor for setting a bias voltage.

13. The apparatus as claimed i claim 12, in which the
resistor 1s connected as an external component to an inte-
grated circuit arrangement.

14. The apparatus as claimed 1n claim 1, wherein the appa-
ratus 1s in the form of an integrated circuit arrangement.

15. The apparatus as claimed 1n claim 1, wherein the mea-
surement device contains an external component for mea-
sured-value detection.

16. The apparatus as claimed 1n claim 1, wherein the mea-
surement device detects the magnitude and direction of the
rechargeable-battery current.

17. A method for charging and for charge monitoring of a
rechargeable battery, comprising the steps of:

detecting a measurement signal for the rechargeable-bat-

tery current;

producing a digital measurement signal from the measure-

ment signal;
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processing the digital measurement signal 1n order to form
a first current value for determining the state of charge of
the rechargeable battery;

processing the digital measurement signal in order to form
a second current value;

comparing the second current value with a reference value,
and determining a difference result;

producing a control manipulated variable from the differ-
ence result by a regulator;

converting the control manipulated variable into an analog,
control signal by a control signal converter comprising a
digital-to-analog converter;

controlling a charging device for the rechargeable battery
with the aid of the analog control signal; and

adjusting the rechargeable-battery current until the differ-
ence result between the second current value and the
reference value disappears.

18. The method as claimed in claim 17, wherein the digital
measurement signal 1s produced as an upward-counting sig-
nal or as a downward-counting signal.

19. The method as claimed in claim 17, wherein the digital
measurement signal 1s added periodically recurrently using
an instantaneous current counter and a timebase to form a
value, 1n that this value 1s stored at the end of a period, and 1n
that the value 1s then reset.

20. The method as claimed 1n claim 19, wherein the digital
measurement signal 1s added continuously using an accumu-
lating current counter and a timebase to form a current value
which corresponds to the state of charge of the rechargeable
battery.

21. The method as claimed 1n claim 20, wherein an 1nstan-
taneous current and an accumulated current are derived from
the gain of a signal converter, the time duration of the time-
base and the value of a measurement resistor.

22. An apparatus for charging and for charge monitoring of
a rechargeable battery, comprising:

a charging circuit which includes a rechargeable battery
and a charging device for charging the rechargeable
battery, and a measurement device, wherein the mea-
surement device includes a device for determining the
rechargeable-battery current and the state of charge of
the rechargeable battery; and

a control device which compares a value that 1s propor-

tional to the rechargeable-battery current with a set

value, and controls the charging device by adjusting the
rechargeable-battery current until a difference between
the value that 1s proportional to the rechargeable-battery
current and the set value disappears,

wherein the charging device contains a transistor,

wherein the charging device contains a resistor for setting

a bias voltage, and

wherein the resistor 1s connected between a control termi-
nal of the transistor and a first terminal of the transistor,

the first terminal of the transistor 1s connected to a charging
source, and

the control device provides a control signal which 1s
applied to the control terminal of the transistor.
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